Introduction
Dopamine receptors belong to the large family of G protein-coupled receptors and thus far, five distinct genes encoding different dopamine receptor proteins were isolated and characterized in mammals (4, 20, 30) . These proteins can be subdivided into D 1 -and D 2 -like receptors that differ in their structural, pharmacological and transductional properties (12, 28). The D 1 -like receptors are generally coupled to G s and their activation leads to a stimulation of adenylyl cyclase (AC) activity and increased levels of the second messenger cAMP. In jejunal cells, the dopamine inhibitory effect upon Na + -K + -ATPase activity has been shown to be mediated by activation of this subclass of dopamine receptors (33), however this effect was observed in young but not in adult rats (17, 32, 33) . This absence of dopamine effect in adult jejunal cells may be explained by regulatory mechanisms that modulate signaling by G protein-coupled receptors such as agonist-induced desensitization of receptors. On the other hand, jejunal epithelial cells from spontaneous hypertensive rats (SHR), in contrast to their normotensive controls (Wistar-Kyoto rats, WKY), fail to respond to dopamine (18) , as has been reported for the kidney. In genetic hypertension, the D 1 receptor is uncoupled from its G protein complex, resulting in a decreased ability to regulate renal sodium transport. The impaired D 1 receptor/G protein coupling in renal proximal tubules in genetic hypertension is secondary to abnormal phosphorylation and desensitization of the D 1 receptor (14) .
Phosphorylation is often involved in receptor desensitization and is mediated by two classes of serine/threonine kinases: the second messenger-dependent kinases such as protein kinase A and protein kinase C or the specific kinases that phosphorylate the agonist-occupied or activated receptors and referred to as G protein-coupled receptor kinases (GRKs) (8, 15, 26) . This family of kinases is composed of seven members (GRK 1 to GRK 7) and is widely expressed which is suggestive of their important role in the regulation of G protein coupled-receptors responsiveness. Involvement of these kinases in agonist-induced desensitization of dopamine D 1 -like receptors has been previously reported. Indeed, intracellular inhibitors of kinases or elimination of potential phosphorylation sites in the receptors via site-directed mutagenesis could attenuate D 1 receptor desensitization (13 It is reported that IEC-6 cells are endowed with dopamine D 1 receptors, the stimulation of which results in inhibition of NHE activity and AC stimulation.
These effects, however, rapidly diminished, but recovered after treatment of cells with the non-specific GRK inhibitor heparin or the anti-GRK 4-6 antibody. The dopamine D 1 -like-induced NHE inhibition is a cAMP mediated event, but PKA is suggested not to be involved in receptor desensitization.
Methods

Cell culture
IEC-6 cells were obtained from the "Deutsche Sammlung von Mikroorganismen 
Effect of GRK inhibitors
In this set of experiments designed to evaluate the role of GRKs in the desensitization mechanism, cells were preincubated overnight at 37ºC in 5% CO 2 -95% air atmosphere in the presence of heparin (1 µM) or monoclonal anti-GRK and GRK 6B detection. Briefly, to obtain total cell extract, cells were lysed by brief sonication (15 s) in lysis buffer with protease inhibitors (150mM NaCl, 50 mM
Tris-HCl pH 7.4, 5 mM EDTA, 1% Triton X-100, 0.5% sodium deoxycholate, 0.1% SDS, 100µg/mL PMSF, aprotinin and leupeptin 2µg/mL each) and incubated on ice for 1 hour. After centrifugation (16,000 g, 30 min, 4ºC), the supernatant was collected and protein concentration determined using the method of Bradford (3). 
Data analysis
Geometric means are given with 95% confidence limits and arithmetic means are given with S.E.M. Statistical analysis was performed by one-way analysis of variance (ANOVA) followed by Newman-Keuls test for multiple comparisons. A P value less than 0.05 was assumed to denote a significant difference. IC 50 values were determined from sigmoidal dose-response analysis using the GraphPad Prism statistics software.
Results
In the present study, NHE activity was assayed in IEC-6 cells loaded with a pHsensitive dye (BCECF), as the Na + -dependent recovery of pH i measured after an acid load imposed by 20 mM NH 4 Cl followed by removal of Na + from the Krebs modified buffer solution, in the absence of CO 2 /HCO 3 . As shown in figure 1, after acidification, IEC-6 cells showed a rapid alkalinization upon addition of 140 mM Na + . This alkalinization process was largely inhibited by amiloride (1 mM) and by EIPA (10 µM), indicating that the endogenous NHE in IEC-6 cells is both an amiloride-and EIPA-inhibitable exchanger. The sensitivity of NHE to inhibition by amiloride and EIPA was also evaluated. G protein coupled-receptors can be regulated by desensitization and it is generally accepted that desensitization involves receptor phosphorylation (7, 8) .
PKA-and PKC-mediated phosphorylation uncouple the receptors from their respective G protein whereas GRK-mediated desensitization is initiated by agonist- 
